We have observed 21-cm absorption and emission spectra in the direction of seven southern pulsars with the Parkes telescope in order to derive their kinematic distances and to study the interstellar medium.
INTRODUCTION
The advantage of measuring H I against pulsars is their predictable pulsed nature, which allows us to study both absorption and emission along nearly the same line of sight. Such observations, together with a rotation curve or velocity field for the Galaxy, allow the lower and/or upper distance limits to be derived, depending on the distribution of H I gas in the line of sight. There are several methods for deriving pulsar distances (for a comprehensive discussion see Frail & Weisberg 1990 hereafter FW90) , but the kinematic method remains the one whereby most of the reliable pulsar distances have been obtained.
The electron density along the line of sight to the pulsar is calculated from the distance and dispersion measure. With enough independent distance estimates throughout the Galaxy, a general Galactic electron density distribution can be created. The most recent and most widely used model is that of Taylor & Cordes (1993) .
In this paper we will look at two groups of pulsars in adjoining regions of sky. The first group contains pulsars which lie in or behind the Gum nebula at Galactic longitudes between 250° and 280°. The second group contains those pulsars located between 280° and 315° where the Car- © 1996 RAS ina arm is at the tangent point. This project is a continuation of the H I study of southern pulsars by Koribalski et al. (1995;  hereafter paper 1).
OBSERVATIONS AND DATA ANALYSIS
H I observations towards several southern pulsars were carried out on 1994 October 5-10 using the 64-m Parkes radio telescope. The pulsar parameters are given in Table 1 and are taken from the catalogue of Taylor, Manchester & Lyne (1993) . The first and last columns give the pulsar name in J2000 and B1950 nomenclature, respectively. Columns 2 and 3 give the pulsar's Galactic longitude (I) and latitude (b) . Columns 3-6 give the dispersion measure (DM) of the pulsar, the distance derived from its dispersion measure and the Taylor & Cordes model of the electron-density distribution (DDM)' the period of the pulsar and its flux density at 1400 MHz (S20)' The new 20-cm receiver system, the backend and the observing procedure are described in paper 1. The digital correlator was configured into 2 x 512 channels (each with a bandwidth of 4 MHz) giving a velocity resolution of 7.8 kHz or 1.74 km S-1 per channel. Details of the observations are summarized in Table 2 . The columns are as follows: (1) gives the pulsar name; (2) and (3) the total integration time On the pulsar and the actual on-pulse integration time, respectively; (4) and (5) give the number of bins over which the correlator was gated and the equivalent width of each bin in milliseconds. The data were subsequently reduced off-line using the method described in paper 1. For all but two pulsars, we summed individual spectra using a weighting scheme based on the signal-to-noise ratio. However, for PSRs J0837 -4135 and J0942 -5552 all integrations were weighted equally because the usual signal-to-noise weighting scheme is corrupted by scintillation-induced variations. To remove the effects of interstellar scintillations from the absorption spectra of these two pulsars, we also apply a least squares fitting function, consisting of a constant term and eight sines and cosines to the unabsorbed portions of the spectra, and then divide the spectra by the fitted functions.
The brightness temperature, T B, of the emission spectrum was calibrated using the H I intensity contour plots derived by . We used a constant conversion factor for all spectra; the error in T B is ~ 5 K.
The H I data can also be used to study the flux density variations of the pulsar as a function of radio frequency and time. These variations are believed to be the result of turbulence in the interstellar medium (ISM), which is generally modelled as a thin screen of material with a Kolmogorov irregularity spectrum. The fastest time-scale for the variations is known as diffractive interstellar scintillation. In general, the pulsar's motion behind the screen causes a movement in the radiation diffraction pattern measured at the telescope. By calculating these changes, the velocity of the pulsar can be derived. For a recent description of this technique see Nicastro & Johnston (1995) . Fig. 1 shows the emission and absorption spectra for each of the seven pulsars observed. Below the spectra we show the rotation curve derived for the longitude and latitude of the pulsar. In this paper, as in paper 1, the displayed rotation curves result from an analytic expression given by the bestfitting model of the Galactic rotation curve from Fich, Blitz & Stark (1989) , plus the standard IAU parameters (Kerr & Lynden-Bell 1986) for the distance to the Galactic Centre (Ro=8.5 kpc) and the solar orbital velocity (Vo=220 krn S-I).
RESULTS AND DISCUSSION
The lower and upper distance limits of pulsars can be inferred from their absorption and emission spectra, respectively. Following FW90 we set the lower distance limit, Du from the peak of the farthest absorption feature in the spectrum, and the upper distance limit, D u , by the first emission peak above T B = 35 K and beyond the most distant absorption feature. Because the simple Galactic rotation model cannot take into account the presence of random or streaming motions of the H I gas which causes departures from purely circular rotation, we use alternatives to the Fich et al. rotation curve wherever well-defined deviations have been documented. Table 3 gives the measured lower and upper velocity limits for each pulsar with the corresponding distance limits. The distance errors are given assuming an uncertainty of 7 krn S-I on the observed velocities (see e.g. Clifton et al. 1988) . The final column of the table gives the mean electron density along the line of sight.
Pulsars towards the Gum nebula

PSRJ0738-4042; I, b=254~2, -9~2
Several H I spectra have been obtained in the direction of this pulsar although all had relatively poor resolution and/or sensitivity (see FW90 for a full discussion). In the most recently obtained spectrum, Ables & Manchester (1976) noted a barely visible absorption feature at about + 16 km s -I next to the strong local absorption which gave a lower distance limit of ~ 2 kpc. The deep absorption feature around zero velocity is almost certainly due to a local cold cloud.
With our fourfold increase in velocity resolution, we clearly find two H I emission and absorption features between -3 and +23 krn S-I. The absorption peak at + 19.8 krn S-I defines the lower distance limit of 2.1 ± 0.6 kpc. No upper limit can be determined from the H I spectrum.
The proper motion of the pulsar has been obtained from timing measurements (Downs & Reichley 1983 ) and through interferometry (Fomalont et al. 1992 ). Using a lower distance limit of 2.1 kpc, the lower limit on the pulsar's transverse velocity is 800 krn s-I, a value already twice the mean value from the derived velocity distribution of pulsars (Lyne & Lorimer 1994) .
In the catalogue of Brand, Blitz & Wouterloot (1986) , the H II region BBW 56 is close to the pulsar on the sky and has an angular extent of ~3°. Brand & Blitz (1993) assign a distance of only 250 pc to this H II region, placing it in front of the Gum nebula. Although its nominal angular diameter does not place it along the line of sight, it is close enough to contribute significantly to the dispersion measure, if slightly larger than catalogued.
The Taylor & Cordes model places this pulsar at a distance greater than 11 kpc, and this already takes into account an extra 60 cm-3 pc On its DM because of the nearby Gum nebula. According to Taylor & Cordes, the DM would be ~ 100 cm -3 pc if the pulsar was at our lower distance limit of2.1 kpc. The pulsar's large DM of 161 cm-3 pc could be attributed either to a density enhancement of a factor of ~ 2 within the Gum nebula itself or to another H II region along the line of sight such as BBW 56. In support of the first option we note that the Ha images of Sivan (1974) indicate that this line of sight penetrates an optically rich region of the nebula which may well have a higher integrated electron density than indicated in the Taylor & Cordes first-order model. Note also that the Taylor & Cordes distance would imply a pulsar velocity > 4000 km s-'.
PSR J0837
The pulsar was previously observed in H I absorption by Gordon & Gordon (1975) , who discussed the pulsar and its relation to the Gum nebula. Based on the spectrum of Gordon & Gordon, FW90 set distance limits of 2.4 <D < 6.0 kpc to this pulsar. 
H I line measurements of pulsars 663
The local H I emission features at velocities of about 0-23 km s -, clearly show strong absorption. The H I absorption peak at + 13.2 km s-' corresponds to a lower distance limit of 1.8 ± 0.8 kpc. No absorption is seen against the emission features at and beyond + 54.5 km s-', giving an upper distance limit of 6.0 ± 0.7 kpc. These results are very similar to those obtained by Gordon & Gordon. The line of sight to the pulsar passes within a few degrees of the centre of the Gum nebula and the Taylor & Cordes model attributes to the nebula ~ 70 cm -3 pc of the pulsar's DM of 147.6 cm-3 pc. Their distance to the pulsar of 4.2 kpc agrees well with the H I observations.
The strong scintillation pattern evident in the data and the high flux density of this pulsar make it possible to measure the transverse velocity. The data were smoothed over intervals of 15 sand 78 kHz (10 channels). In regions of strong scintillation, this produced a pulse profile with a signal-to-noise ratio> 50. We estimate a scintillation bandwidth of 310 kHz and a decorrelation time-scale of 350 s. This leads to a transverse velocity of only 27 km s-l, assuming a distance of 3.9 kpc (midway between our lower and
.... (Harrison & Lyne 1993 ). This velocity is more than an order of magnitude lower than the pulsar median velocity (Lyne & Lorimer 1994) .
PSRJ0942-5552; I, b=278~6, -2~2
No published H I absorption spectrum exists for this pulsar. We measure strong H I absorption against the local emission around 0 kIn s -1, but none against another bright (T B -70 K) emission feature at + 42.9 kIn s -1. The latter determines the upper distance limit of -7.5 ± 0.7 kpc. The absence of a strong emission feature between the local emission and + 42.9 km S-1 means that no lower limit can be derived. The contribution to the DM from the Gum nebula is -25 cm -3 pc according to Taylor & Cordes. The distance estimate from the DM is 6.4 kpc which is consistent with the upper limit obtained here.
An estimate of the transverse velocity of the pulsar can be obtained from its scintillation pattern. In this case, we summed pulse profiles over an interval of 35 s and a frequency range of 78 kHz. We estimate the bandwidth decorrelation to be 470 kHz and the time-scale to be 660 s.
Assuming a distance of 6 kpc and f -1.5 yields a transverse velocity of only 35 kIn S-1 for this pulsar. However, it is possible that the leverage factor f may be as high as -10 if the Gum nebula (at only 500 pc) is the principal screen causing the scattering. This would increase the transverse velocity of the pulsar to 230 kIn s -1, which can be regarded as a reasonably strong upper limit.
The Vel OB3 association is at a distance of 5-6 kpc (Miller 1972; Slawson & Reed 1988) , which is consistent with the kinematic distance to the pulsar. Their angular separation is -3 ~ 5, which corresponds to a projected separation of -350 pc. Given the pulsar age of 0.5 Myr, an association between the two would imply a high pulsar velocity of -700 kIn s -1. Given the transverse velocity measured above, such a velocity (and thus the association) seems unlikely but, in principle, this could be checked in the pulsar's timing data.
Summary
There are now seven pulsars which have independent distance measurements and lie in or behind the Gum nebula. The distances derived using the Taylor & Cordes model, which includes the parameters of the Gum nebula, is consistent with the kinematically derived distance for all the pulsars except for PSR J0742 -2822 (see paper 1) which is only marginally below the kinematically derived lower limit. For PSR 10738 -4042 (above), although the Taylor & Cordes model is consistent with the H I distance limits, we strongly favour a distance close to 2 kpc, and argue that a density enhancement in the Gum nebula or possibly a large, nearby H II region, contributes to this pulsar's DM. Our conclusion is that the relatively simple model matches well with the data. The scintillation velocities for two of the pulsars are both less than ~ 50 km S -1, well below the median value of pulsar velocities. This could mean that the density enhancements within the Gum nebula are providing the scintillation screen. Thus, as the nebula is ~ 10 times closer than the pulsars, the velocities are an order of magnitude greater than measured, bringing them more into line with the expected distribution. Further study of pulsar scintillation in the region of the Gum nebula is warranted.
Pulsars towards the Carina arm
PSRJ1048-5832; /, b=287~4, +O~6
This pulsar has not previously been observed in H I. Our measurements show strong (> 35 K) H I emission from -27 km s -1 to about + 22 km s -1. H I absorption was © 1996 RAS, MNRAS 279, 661-668 detected at negative velocities, out to -22 km s -1, but there is no absorption corresponding to the emission feature at +6.6 km S-I. Goss et al. (1972) measured H I absorption towards several sources in this direction (G282.0 -1.2, RCW 49, G285.3 -0.0, 11 Carina nebula, G290.1-0.8, NGC 3576, and NGC 3603) which all show absorption out to the most negative velocities where emission is present, similar to what was seen in the pulsar absorption spectrum. In all cases these velocities are more negative than allowed in the Fich et al. (1989) model, and are apparently the result of streaming motions in the Carina arm.
PSR 11048 -5832 lies only a few degrees from PSR 11056 -6258 (paper 1). As discussed in paper 1, Brand & Blitz (1993) show that several H II regions, lying ~ 2.5 kpc from Earth in this direction, have radial velocities of about -20 km s -1. This leads us to adopt a lower distance limit for this pulsar of 2.5 ± 0.5 kpc based on our similar V L of -22 km s -1. Our adopted distance limit is also consistent with the Grabelsky et aI. (1988) distance of 2.7 kpc to the 11 Carina nebula which has a velocity of -19 km S-I, the distance to the Carina OB2 association which has a radial velocity of -23 km S-1 at a distance of 3.1 kpc (Garc;ia 1994), and the optically derived distance of 2.4 kpc to NGC 3576 (Persi et al. 1994 ). Because the Galaxy warps to the south in this direction at greater distances, the H I emission towards the 11 Carina nebula ( ~ 1 0 south of the pulsar) extends to higher positive velocities than towards the pulsar. Nevertheless, our measured upper velocity limit of + 6.6 km S-1 would set an upper limit on the distance of 5.6±0.8 kpc in the Fich et al. model .
The DM distance of 3 kpc derived from the Taylor & Cordes model is consistent with these observations, although close to our lower distance limit. The electrondensity limits along this line of sight, 0.023 ::; n e ::; 0.052, are reasonably consistent with the Galactic mean value of 0.02 cm-3 • This area of sky is rich in high-mass stars and contains the greatest known concentration of high-luminosity stars in the Galaxy. Two OB associations, Car OBI and OB2 (discussed above) lie within a few degrees of the pulsar. Turner & Moffat (1980) derive a distance of 2.7 kpc to the main body of the stars in the complex. Garc;ia, Claria & Levato (1988) derive a distance of 3.2 kpc to the Car OB2 association. There is thus evidence to suggest that the kinematic lower distance limit is compatible with the pulsar having been a member of one of these clusters . Cowie et al. (1981) discovered a large (100 pc) shell of expanding gas centred around Car OBI and OB2. Although they derive a high age for the shell, we speculate that it may have been caused by the supernova explosion that formed PSR Jl048 -5832 only 2 x 10 4 yr ago. The large size of the shell may arise because the pulsar exploded into a very tenuous ISM, where a large cavity had been created by the strong winds from the stars in the OB association. This remains one of the few pulsars less than 10 5 yr old without an associated 'conventional' supernova remnant, perhaps because its shell has expanded so rapidly.
PSR Jl048 -5832 is a young, energetic pulsar with very similar spin-down characteristics to PSR Jl709 -44, which was detected as a pulsed source by the Gamma Ray Observatory (GRO) (Thompson et al.I992) . Thompson et al. (1994) report the presence of a y-ray point source near PSR Jl048 -5832, but the emission does not appear to be pulsed. Recent evidence strongly suggests that the y-ray source is associated with the pulsar (J. Fierro, private communication) and that failure to detect pulsations may arise from a combination of the large glitches in this pulsar and the high Galactic background radiation. Our upper distance limit also fixes the upper limit to the y-ray efficiency of this pulsar.
PSR ]]157 -6224;
Soon after the discovery of the pulsar, Large & Vaughan (1972) found the supernova remnant G296.8 -0.2 in the same region of sky and suggested that the two were associated. The timing age of the pulsar is, however, > 10 6 yr and makes an association with the remnant unlikely.
The pulsar was observed in H I by Ables & Manchester (1976) and Manchester, Wellington & McCulloch (1981) . Their spectra, like ours, indicate absorption extending to the most negative velocities at which emission is present.
According to the Fich et al. (1989) model of the rotation curve, we do not expect H I gas with velocities more negative than -20 km S-I. However, we observe HI emission to -40 km s -1, with deep absorption seen out to the last absorption peak at -38 km s -\ which we assign as our lower velocity limit. As for PSR Jl048 -5832, the gas velocities in this part of the Galaxy are substantially affected by the Carina arm. Goss et al. (1972) have absorption spectra towards the H II regions G298.2 -0.3 and G298.9 -0.4, at essentially the same Galactic latitude and 1 ~ 5 and 2 ~ 2 east of the pulsar, respectively. Each of the sources, like the pulsar, displays H I absorption to the most negative (forbidden) velocities also seen in emission, showing that the streaming motions are widespread. Since Brand & Blitz show that there is a monotonic velocity-distance relationship out to at least the tangent point in this direction, we assign our lower distance limit to the tangent point distance, at 3.8 ± 104 kpc.
At positive velocities, the two previously published pulsar H I absorption spectra differ substantially. Ables & Manchester (1976) claim that their spectrum shows absorption out to + 30 km s-l, whereas Manchester et al. (1981) find no absorption at positive velocities. FW 90 use the latter spectrum in deriving a distance to this pulsar. The lack of absorption in our spectrum corresponding to the emission features at + 16 km S-I and above leads to an upper limit of 9.0 ± 0.6 kpc, thus confirming the result of Manchester et al. (1981 ) .
The pulsar is located less than two arcmin away from the main-sequence (class V) B3 star HD 103884. Photometric measurements yield a distance of 186 pc to the star (de Geus, de Zeeuw & Lub 1989) , which is thought to be a member of the Sco OB2 association. This distance implies that the line of sight to the pulsar passes within 0.1 pc of the star and therefore possibly intersects the Stromgren sphere of the star. The Lyman continuum flux, L, from B3 stars is ~ 10 44 photon S-I (Panagia 1973; Torres-Peimbert, Lazcano-Araujo & Peimbert 1974) . This implies that the Stromgren sphere will intersect the line of sight for electron densities less than ~50 cm-3 • Using the formalism of Reynolds (1990) to compute the integrated electron column density through the Stromgren sphere, we find that, for electron densities ~ 10 cm -3, the DM contribution from the H II region is ~ 10 cm-3 pc. For electron densities of 0.5 cm-3 , probably more typical of the H II regions around isolated B stars, the DM contribution is still ~3 cm-3 pc. As the DM contribution is only a weak function of L (DMocL 1/3), even a factor of 10 error in L, because of the uncertainty of the spectral type, leads to only a factor ~ 2 in change in the DM contribution. We thus conclude that the contribution to the DM of the pulsar from the Stromgren sphere around HD 103884 lies in the range 0 to 25 cm -3 pc, which is a small fraction of the total DM of 325 cm-3 pc.
The limits on the electron density along this line of sight based on our distance estimates are 0.036 < ne < 0.086 cm -3, which are higher than those expected in the Taylor & Cordes model. Consequently, the Taylor & Cordes model puts this pulsar at 9.9 kpc, somewhat beyond our upper limit. -6407; I, b=300?0, -1?4 These are the first published observations of the pulsar in H I. We find both emission and absorption extending out to -40 km s -I, with the last significant peak yielding V L = -39 km s -I. This line of sight represents an additional example of H I gas at velocities more negative than allowed by the rotation curve. According to the Fich et al. (1989) model, the most negative velocity along this line of sight should be -28 km S-I at the tangent point, at a distance of 4.3 kpc.
PSRJ1224
H I absorption measurements of PSR J1157 -6224 (see above) and the sources G298.2 -0.3 and G298.9 -004 (Goss et al. 1972) , all within 2 0 of PSR J1224 -6407, display similar 'forbidden' features in emission and absorption at negative velocities. Based on the apparently monotonic velocity-distance relationship out to the tangent point even in the presence of streaming (Brand & Blitz 1993) , and our observation of absorption out to the most negative velocities where emission is present, we assign our lower distance limit at the tangent point, hence d L =4.3 ± 104 kpc.
In the Brand et al. (1986) catalogue, three H II regions lie within 1 ~ 5 of the pulsar. These have velocities of -4004, -35.3 and -22.8 km s -I and Brand & Blitz assign distances of 504, 2.3 and 2.1 kpc, respectively, to these three regions. Although the pulsar shows absorption all the way out to -40 km S-I, similar to the 5A-kpc H II region mentioned above, we maintain the tangent point as our best estimate of the lower distance limit because the H II region may have its own peculiar velocity. Our relatively large uncertainty reflects the scatter indicated by the data in the HII region.
The upper limit on the pulsar distance is set by the lack of absorption at the emission feature at + 34.7 km S-I corresponding to a distance of 11.4 ± 0.7 kpc in the Fich et al.
model. Our lower limit of 4.3 kpc is substantially higher than the 2.3 kpc assigned to the pulsar in the Taylor & Cordes model. This implies that the average electron density is less than 0.02 cm -3 along this line of sight. PSRs J1157 -6624 and B1240 -64 are within a few degrees of this pulsar. All three show similar H I absorption profiles and therefore have similar upper and lower distance limits even though the DM of PSR J1224 -6407 is only one third that of the other pulsars. It thus appears that we are looking through a clearer line of sight to PSR J1224 -6407. J1401-6357; I, b =310 ?6, -2? 1 This pulsar has not been previously observed in H I. Strong H I emission is visible between zero and -56 km S-I. We find strong absorption features at -3.3, -16.5 and -19.8 km S-I, but no absorption against similarly strong emission featues at -33.0 and -47.8 km S-I. The narrow absorption spike at -32 km s -I is almost certainly noise and thus V L = -19.8 km S-I and Vu= -33 kms-'. This indicates very strict distance limits of 1.6 ± 0.5 kpc < D < 2.7 ± 0.7 kpc according to the Fich et al. model. The pulsar lies in the complex region of the Galactic plane, with its line of sight cutting across the Carina and along the Crux spiral arms. The region 305 0 < 1 < 312 0 was studied extensively by Georgelin et al. (1988) . Johnston et al. (1992) commented on the large numbers of pulsars located in this region, especially those with very large DMs. However, a study of the kinematic distances to objects in the Georgelin et al. survey region shows that the pulsar lies well in front of them (e.g. RCW 80) and is probably located in, or just beyond, the Carina arm unlike the other, more distant, pulsars which are almost certainly in the Crux arm.
PSR
The nearby pulsar PSR B1356 -60, the SNR G311.5 -0.3, and the H II regions G311.9 + 0.1 and G311.9 + 0.2 all display absorption out to the tangent point (Caswell et al. 1975; Manchester et al. 1981) and are well beyond PSR J1401-6357. Our distance limits mean that the electron density along this line of sight falls between 0.036 and 0.06 cm-3 • The Taylor & Cordes model predicts a distance of 2.6 kpc to this pulsar, which agrees well with the kinematic data.
Summary
We have derived upper and lower kinematic distance limits for four pulsars in the direction of the Carina arm. In accord with Brand & Blitz and others, we have shown that the simple rotation curve model of Fich et al. (1989) does not agree well with the H I emission velocities in the Carina spiral arm. In particular, the gas has velocities up to 10 km s ~ 1 more negative than predicted by the rotation curve. This makes accurate distances difficult to obtain and we have conservatively assigned the lower distance limit as the tangent point with a large uncertainty to PSRs J1157 -6224 and J1224 -6407. Although distances to nearby objects such as H II regions are useful, care must be taken in interpreting a smoothed picture of these data as they are sparse at distances beyond a few kpc.
